epidemics in contributing to these abnormalities. It is suggested that such environmental hazards and aberrations in the control of early brain development produce the neuronal phenotype that manifests as schizophrenia with early age of onset of symptoms associated with soft neurologic signs and is more common in young males. £Neuropsychopharmacology 9:83-91, 1993J
of obstetric complications and date of birth in schizo phrenic patients compared to normal controls.
NEUROPATHOLOGIC EVIDENCE
Although neuropathologic abnormalities were fIrst reported in schizophrenia in the late 1800s and early 1900s (Alzheimer 1897; Wernicke 1900; Klippel and Lhermitte 1909) , for the fIrst half of this century the evi dence supporting their presence was conflicting. Post mortem research was beset by problems, both clinical and scientifIc. These included inadequate case defIni tion, sampling errors, contamination by effects of treat ment, poor controls, and histologic artifact. Early studies also concentrated on cortical rather than sub cortical structures. Recently, with improved methods, closer diagnostic agreement and the systematic collec tion and examination of brains from untreated schi zophrenic patients, some consistent fIndings have emerged. In three well-conducted studies, schizo phrenic brains showed a slight but signifIcant decrease in weight and length (Brown et al. 1986; Pakkenberg 1987; Bruton et al. 1990 ) compared to normal controls. Bogerts et al. (1985) demonstrated a 20% to 30% de crease in the volume of the medial temporal lobe (amyg-0893-133X/93/$6.00 dala, hippocampus, and parahippocampal gyrus). This fmding fIts with evidence of particular enlargement of the temporal horn of the lateral ventricle (Brown et al. 1986) . Falkai and Bogerts (1986) , in the fIrst use of quan titative cytology applied to this context, demonstrated decreased cell counts in the hippocampus, and in a fur ther study, also found a reduction in volume of the en torhinal cortex along with decreased numbers of neu rons (Falkai et al. 1988 ). Jeste and Lohr (1989) compared schizophrenic with nonschizophrenic patients and nor mal controls and found a decrease in hippocampal py ramidal cell density with a loss of hippocampal volume in the schizophrenic patients. Benes et al. (1986) reported decreases in neuronal density in other corti cal areas (prefrontal cortex, cingulate cortex, and mo tor cortex). Since gliosis would indicate neuronal in jury or degeneration, its absence in many, although not all, schizophrenic patients together with decreases in neuronal counts points to developmental aberrations (Roberts et al. 1987) .
Abnormal cell migration during development has also been implicated, because if this process is dis rupted, abnormalities in cell position rather than cell number are found (Nowakowski 1987 Studies of Discordant Twins. Twin strategies have been particularly useful in trying to disentangle whether neuroimaging abnormalities are genetic or acquired. As monozygotic (MZ) twins are genetically identical, diff er ences between them must be due, at least in part, to environmental factors. A study using the Maudsley twin register showed that ventricular size was strongly genetically determined in a series of healthy MZ twin pairs, and that the correlation in ventricular size was lower in MZ pairs discordant for schizophrenia. Fur thermore, the schizophrenic twins had significantly larger ventricles than their nonschizophrenic cotwins (Reveley et al. 1982; Murray et al. 1985b ). Interestingly, the nonschizophrenic cotwins had larger ventricles than those of MZ twins from completely normal pairs. This suggests that an environmental factor caused increase in ventricular size in both members of the discordant pair, only the more severely affected twin becoming schizop hrenic.
An MRI study of 15 pairs of MZ twins discordant for schizophrenia confirmed increased ventricular size (particularly in the lateral ventricles and the third ven tricle) in the affected twins, as well as loss of hippocam pal volume on the left and right in affected compared to nonaffected cotwins. No such intrapair differences were found in seven pairs of control twins (Suddath et a1. 1990 ). The findings of these two twin studies add support to acquired rather than genetic factors being of etiological importance, at least in the twin popula tion. Environmental pre-or perinatal factors may of course be more important in schizophrenic twins than schizophrenic singletons because of the greater liabil ity of twins to obstetric complications. To reinforce cau tion in extending twin findings to the general schizo phrenic population, Lewis et a1. (1990) reported an intriguing case of identical twins in whom the schizo phrenic twin showed no brain abnormalities on MRI but the unaffected twin had extensive right temporal damage of congenital origin.
Functional Findings
The last decade has witnessed great advances in imag ing techniques measuring brain function in the living human (positron emission tomography [PET] and sin gle photon emission tomography [SPET] ). It is now pos sible to examine brain metabolism, cerebral blood flow (tightly coupled with brain metabolism), and a variety of neurotransmitter receptors. Applying these tech niques, it may be possible to correlate structural with functional defIcits, and assess whether functional ab normalities are the cause or consequence of structural lesions. This is a burgeoning research area that will not be discussed in depth here.
Early PET investigations found decreased frontal cortical glucose metabolism and blood flow (Ingvar and Franzen 1974; Farkas et al. 1984; Buchsbaum et al. 1982) . However, the evidence regarding "hypofrontality" in schizophrenic patients remains conflicting because there are many methodologic and technical differences between studies which have not been systematically addressed. Inability to activate the frontal cortex when performing a task-activating condition is said to occur mainly in schizophrenics with predominantly negative symptoms (Garza-Trevino et al. 1990 ).
Weinberger (1987) asserts that there is evidence of a decrease in cerebral flood flow during mental activity in the left dorsolateral prefrontal cortex in schizophrenics compared to healthy normals (Weinberger et al. 1986; Berman et al. 1986 ). On the basis of animal studies and the cerebral blood flow pattern in schizophrenics, he implicates this site a s a seat of dysfunction in schizo phrenia. This is of particular interest as prenatal lesions of the dorsolateral prefrontial cortex in primates are be haviorally silent until the animal reaches the equiva lent of human adolescence (Goldman-Rakic 1987) . Since these studies, other investigators using PET and SPET have shown defIcits particularly in left frontal cortical and temporal blood flow, at rest and during specifIc neuropsychologic tasks (Liddle et al. 1992; Lewis et al. 1992) . Intriguing fIndings of a left lateralized increase in globus pallidus blood flow and striatal D2 receptor density in patients compared to controls (Early et al. 1989; Farde et al. 1990; Pilowsky et al. 1993 ) also sug gest disruption of irontostriatolimbic circuits in some patients with schizophrenia. Furthermore, the normal decrement in striatal D2 receptors with age appears to be lost in schizophrenic patients (Martinot et al. 1990 (Martinot et al. , 1991 Pilowsky et al. 1993) , which may be evidence of dysfunctional cerebral maturation. These abnormalities may therefore provide a clue to underlying mechanisms amenable to investigation.
CLINICAL EPIDEMIOLOGY
Genetic factors are well known to operate in schizophre nia, perhaps by some defect in the control of neu rodevelopment (Jones and Murray 1991) . However, en vironmental factors are likely also to be of etiological importance. Schizophrenic patients are more likely than healthy controls and other psychiatric patients to have a history of pre-and perinatal hazards and to be born premature. Henceforth the term obstetric complications NEUROPSYCHOPHARMACOLOGY 1993-VOL. 9, NO. I is taken to refer to deviations from normal pregnancy, delivery, and early neonatal period (McNeil and Kaij et al. (1990) studied schizophrenic patients using their healthy siblings as controls. They standardized criteria to diagnose schizophrenia and to scrutinize birth records blind to adult outcome, thus overcoming many of the methodologic shortcomings of previous studies. They found a strongly signifIcant excess of obstetric complications in schizophrenics compared to healthy controls (although no single complication was particu larly implicated). Such complications appear particu larly in the histories of male schizophrenics, are as sociated with early age of onset, and with increased ventricular size Castle and Murray 1991) .
1978; Lewis and Murray 1987). Most recently, Eagles
A history of an affected relative and a history of ob stetric complications tend to segregate separately, sug· gesting that some early cerebral insult such as hypoxia may induce phenocopies in those individuals less pre disposed genetically (Murray et al. 1988 ). This argument gains support from the fact that the pyramidal cells in the hippocampus -an area known to be damaged in schizophrenia-are extremely vulnerable to cerebral anoxic insult, such as that which may occur duri ng a difficult pregnancy and delivery.
Perinatal complications may explain the occurr ence of schizophrenia in some patients but do not account for all the developmental abnormalities found. Foer ster et al. (1990) reported that schizophrenic patients had a lower mean birth weight than controls and noted that MZ twins discordant for psy· chosis already showed greater intrapair differences in weight at birth than normal MZ pairs. McNeil (1993) reported signifIcantly smaller head circumference at birth in preschizophrenic patients than normal controb with disproportionately small head size in relation to shoulder width. Small head size occurred preferentially in sporadic schizophrenics but was not associated with obstetric complications. Of course, fetal abnormalities could, in themselves, contribute to difficult deliveries and obstetric complications.
These fIndings suggest abnormalities in develop ment that antedate the perinatal period. Furthermore, other indicators of developmental disruption duringfeo tal life such as minor physical anomalies are pr esent in excess in schizophreniC patients compared to nor mal controls (Green et al. 1989) . Again, minor physical anomalies are more common in male schizophrenics, predict a younger age of onset, and are associated with cognitive impairment (Green et al. 1987; Waddington et al. 1990 ). This is also consistent with the notiontht early-onset schizophrenia involves a more compro mised central nenrOllS system and may constitute a sep arate subgroup of patients.
Schizophrenics are born slightly more often in the 
DEVELOPMENTAL NEUROCHEMISTRY
1heneurochemistry of schizophrenia has been substan lively review ed in the literature and will not be dis casse d in depth. In terms of neurodevelopmental illftu ences, the focus here will be on excitatory neu lllrans mitters and trophic factors rather than mono lllin ergic systems. Kerwin and Murray (1992) (Lyeth et al. 1989) . It is therefore possible that these ex citatory amino acids play a part in mediating the cere bral damage resulting from pre-or perinatal hypoxia.
The CCK receptors are also important in hippocam pal development. The CCK receptor number fluctuates during fetal brain development and in the early post natal period (Hays et a1. 1981) . Cells containing CCK are arranged in a laminar fashion that could influence the attraction of ingrowing afferents (Chun et a1. 1987) . Underexpression of CCK receptors, as is found in schizophrenia, could result in the disturbance of cell migration such as is seen in schizophrenia (Kerwin and Murray 1992) . coworkers (1985a, 1988) be consequent upon inheritance of mutant genes, fe tal, or neonatal adversity or a combination of the two. The question of why florid psychotic symptoms do not develop until early adulthood has led researchers to speculate that the neural dysplasia remains quiescent until it is unmasked by brain maturational changes, pos sibly synaptic pruning or myelination (Murray et al. 1988; Benes 1989; Pilowsky and Murray 1991) . Developmental theories do not account for other types of schizophrenia, for example, late onset, or tran sient, good prognosis illnesses. These illnesses occur particularly in women and in those with a relative suffering from affective disorder; such individuals may have a disorder that has more in common etiologically with affective disorder. Indeed, Murray and O'Calla ghan (1991) suggest that the Kraepelinian distinction between schizophrenic and manic-depressive psycho sis should be abandoned in favor of a distinction be tween psychosis of neurodevelopmental and adult origin. Conrad AJ, Abebe T, Austin R, Forsythe S, Scheibel AB (1991t.
AN ETIOLOGICAL MODEL
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